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Abstract 
 
Weather can  be unpredictable as there are a lot of uncertainties in predicting thunderstorms. Most of our 
navigation systems, including those on air, land and water, as well as broadcasting systems, are directly 
affected by the weather on a daily basis. The inconsistent and unreliable nature of storms brings out the 
importance of research in atmospheric electric field data logging systems. This paper presents a study to 
develop a virtual instrument with the capability to analyse and store the magnitude (data) of atmospheric 
electric fields. The study was carried out using a LabVIEW virtual instrument and tested using data 
acquisition (DAQ) and a function generator. The developed virtual instrument consists of waveform chart, 
tabulated data, and histogram for real time observation. Moreover, it has feature to save and recall data for 
further analysis. 
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Abstrak 
 
Cuaca boleh menjadi tidak menentu kerana terdapat banyak ketidaktentuan dalam meramalkan ribut petir. 
Kebanyakan sistem navigasi, termasuk di udara, darat dan air, serta sistem penyiaran adalah di bawah 
pengaruh cuaca harian. Ketidaktentuan cuaca seperti ini telah membangkitkan kepentingan penyelidikan 
dalam bidang sistem data logger untuk medan elektrik di atmosfera. Kertas kerja ini membentangkan kajian 
untuk membangunkan instrumen maya (virtual instrument) yang berupaya untuk menganalisa dan 
menyimpan magnitud (data) medan elektrik atmosfera. Kajian ini telah dijalankan dengan  menggunakan 
instrumen maya LabVIEW dan diuji menggunakan pemerolehan data (DAQ) dan fungsi penjana. Instrumen 
maya yang dibangunkan terdiri daripada carta gelombang, jadual data, dan histogram bagi pemerhatian 
masa sebenar. Selain itu, ia mempunyai ciri untuk menyimpan dan mengingat kembali data untuk analisis 
seterusnya. 
 
Kata kunci: Medan elektrik atmosfera; sistem data logger; instrumen maya 
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1.0  INTRODUCTION 
 
Lightning is a phenomenon that has intrigued man for thousands of 
years [1]. The profile of a storm cloud is related to the electric field 
strength between the cloud and earth. The lightning in an area can 
be predicted by observing and analysing that electric field. When 
the field strength is over a certain limit due to the presence of 
clouds, lightning will occur. Lightning can occur with both positive 
and negative polarities. It also occurs when an electric field in a 
region exceeds the breakdown value; the electric field that is 
needed to produce a spark between the electrodes is about 300 
kVm-1 [2]. 
  Lightning is a phenomenon that occurs when a charge 
accumulated in the clouds discharges to the ground, which is also a 
peak discharge [4]. Positive and negative charges become separated 
by the heavy air currents, with air crystals in the upper part and rain 
in the lower parts of the cloud during thunderstorms. Their charge 
probably centres at a distance of about 300 m to 2000 m while their 
charge separation is about 200 to 10,000 m, depending on the 
height of the cloud. Clouds have field gradients ranging from 100 
V/cm to as high as 10 kV/cm at the initial discharge point and have 
potential of up to 107 to 108 V, while the energies that the cloud 
discharges are up to 250 kWh [4]. The upper regions of the cloud 
are usually positively charged, while the lower regions are 
negatively charged, but local regions within the latter may be 
positive, as shown in Figure 1 [4]. 
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Figure 1  Charge distribution with corresponding field gradient near the 
ground 
 
 
  There are three essential regions in the cloud according to 
Simpson’s theory, as shown in Figure 2. The air currents travel at 
above 800 cm/s and no raindrops fall below region A, while the air 
velocity is high enough to break the falling raindrops, which causes 
a positive charge spray in the cloud and a negative charge in the air 
in region A. The velocity decreases as the positively charged water 
drops recombine with the larger drops and this causes region A to 
be positively charged. Region B becomes negatively charged by the 
air currents and the temperature is low in the upper regions of the 
cloud [4]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2  Simpson’s theory of cloud model 
 
  Thunderclouds can also be defined as clouds in which 
lightning and sparks occur. Observations in many locations around 
the world state that a cumulonimbus cloud must extend at least 2-3 
kilometres into a sub-freezing portion before the first lightning is 
observed [4]. The thundercloud process is shown in Figure 3. First 
of all, clouds are formed from the strong upward stream. Then, the 
clouds become charged by friction when particles in the cloud 
clash. Positively charged clouds move upwards and negatively 
charged clouds move downwards because of the polarization and 
then become thunderclouds. When a thundercloud grows and 
becomes unable to accumulate any more electricity, it will 
discharge to the ground. 
 
 
 
Figure 3  Thundercloud process. (a) Generation of cloud (b) Thundercloud 
is formed by charging (c) Growth of thundercloud (d) Lightning 
 
 
  Lightning is a transient, high-current electric discharge whose 
path length is measured in kilometres. For the last century, many 
advanced instruments have been used to observe the electric and 
magnetic field data of lightning [5]. Lightning can move in cloud-
to-ground, cloud-to-air, cloud-to-cloud, ground-to-cloud, and intra-
cloud directions [1]. An isolated thundercloud can generate 
lightning at a few flashes per minute, while a severe storm can 
generate lightning at approximately ten flashes per minute and the 
maximum number of lightning flashes is about 85 in a minute.  
  Lightning activity is three times more frequent on land than 
over the ocean. The electric field generated by lightning flashes can 
be measured using an electric field mill, plate or whip antenna, 
whereas a crossed loop antenna is used to measure the magnetic 
field [6].  
 
The current that flows from the electric field mill is given by: 
  
𝑖(𝑡) = ∈ ˳𝐸  (𝑑𝑎 (𝑡))/𝑑𝑡 (1) 
 
where a(t) is the instantaneous exposed area of the sensing plate, ∈
˳ =8.854x1012., E= electric field. Thus, by measuring the current 
flows between the sensing plate and the ground, the background 
electric field can be obtained [6]. 
  In investigations of electric fields using weather field 
instruments, the field in the clouds and the field gradients were 
recorded at the earth’s surface [7].Changes in the electric field 
strength and polarity were detected using a real-time monitor for 
the local thunder cloud and an early warning was sent when there 
was a change in the atmospheric electric field [8]. 
 
 
2.0  SOFTWARE DESIGN AND DEVELOPMENT 
 
2.1  Program Flowchart for Collect Data and Read File 
 
Three stages are implemented in this research. The first stage is to 
develop a program flowchart to collect data and a Read File data 
logger system. The next stage is to program the virtual instrument 
using LabVIEW. The last stage is to test the data logger system. 
This is important to verify the result obtained from the simulation. 
The investigation consists of several phases to achieve the objective 
of the research. The first phase is the study of the physics of cloud 
profiles, followed by the visualization and simulation of cloud 
profiles using LabVIEW programming and the DAQ instrument. 
The last phase is result validation through a simulation using 
LabVIEW programming. The flowchart of the development of the 
research is shown in Figure 4. The LabVIEW program for the 
development of the virtual instruments and data logger system must 
be studied at the beginning of the process. The setup for the DAQ 
NI USB-6216 which is connected to the input signal must be 
completed at the same time, so that the LabVIEW simulation and 
the actual experiment can be tested simultaneously. 
Strong upward 
current
Negative charge of cloud induces
Positive charge electromagnetically
Upper =  Positive charge
Lower = Negative charge
(a) (b) (c) (d) 
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Figure 4  Flowchart for the research 
 
 
  Figure 5 shows the program flowchart for collecting and 
saving data using the LabVIEW software package. Initially, the 
analog input obtained from the DAQ USB-6216 or the simulation 
signal must be changed from AC to DC. A few tests were done to 
obtain the correct signal and thus the waveform. The waveform 
must be checked to get the most accurate one before the data is 
tabulated. Tabulation stops once all the data are carefully saved. 
The flowchart for data reading is shown in Figure 6. This data 
reading can be done using a specific front panel created in 
LabVIEW and it is important for future analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5  Program flowchart for collecting and saving data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6  Program flowchart for reading data 
In this project, LabVIEW programming was considered to be the 
most suitable software package compared to others in the market. 
LabVIEW is a very easy language for electrical or electronic 
engineers to pick up or learn, as the source code is very similar to 
circuit diagrams.  Furthermore, LabVIEW also has raw speed for 
each development.  The source code is written in a similar manner 
to many pre-defined components, i.e. drop-down and wired-in 
together menus. The third advantage is LabVIEW’s compatibility 
with the National Instruments hardware when connected to their 
well-developed LabVIEW software. 
 
2.2  Block Diagram (LabVIEW) 
 
The block diagrams were developed as shown in Figures 7, 8, 9 and 
10. To develop the block diagrams, the function of each block 
component must be identified. In order to avoid error during the 
simulation, all pin inputs must be carefully placed. From the block 
diagram, the data was taken every second and it was saved every 
minute. The DAQ is used as an input and the waveform chart is 
displayed through the graph. This implementation is developed 
using LabVIEW and consists of three main groups: Input Block, 
Processing Block and Output Block. In Table 1, the details of these 
block components are explained. In this research, six inputs are 
used. All the block components were connected to form the 
required input block diagram, as shown in Figure 7. The Input 
Block is used to generate the input signal. 
 
Table 1  Simulation block components 
 
No. Main Groups Block Components 
1 Input Block DAQ Input, Sensors 1 to 6 
2 Processing Block Write to measurement file 
Amplitude and level measurement 
Simulate signal (DC) 
Select signals 
Build table 
Create histogram 
Get Date / Time in second functions 
Time interval 
Build waveform (Analog waveform) 
function 
3 Output Block Table 
Select signal waveform chart 
All signals waveform chart 
Histograms 1 to 6 
 
 
 
 
 
 
 
 
 
 
Figure 7  Block diagram for input block connection 
 
 
 
 
 
 
 
 
Preparing the input signal 
(Electric Field)
Setup DAQ NI USB-6216
Conducting a comprehensive 
literature review on LabVIEW
Development of the object 
flowchart
Examination on connectivity and 
data transfer 
Development of virtual 
instrument and data logger 
system
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Figure 8  Block diagram for processing block and output block connection 
 
 
  Referring to Figure 8, the Waveform Graph block was 
changed into a local variable of the waveform graph. The local 
variable makes the block diagram look more neat and orderly. The 
Input Block is connected to the Processing Block. In the Processing 
Block, the local variable is connected to the DC Simulate Signal to 
change AC to DC. From the DC Simulate Signal, the connection is 
continued through the histogram block components, which is used 
to display the histogram graph. The x-axis represents the 
measurement scale of the acquired results of the ambient electric 
field strength, while the y-axis describes the frequency distribution 
in terms of the frequency of the results. 
  The function of the amplitude and level measurement block is 
to make sure that all the signals are maintained in the DC signal 
and this enables computation of the signal amplitude. This block 
was connected to the “build waveform” and “get date/data time in 
seconds function” block. The function of the block component “get 
date/data time in seconds” is to make sure that the time in the 
program is equal to the laptop time. From there, the “write to 
measurement file” block is connected to save the data every minute. 
  Lastly, the Processing Block is connected to the Output Block 
and is presented in the form of a graphical display. Then the 
tabulation of data is performed through the connection with the 
“table” block component. 
  Referring to simulation work in Figure 9, the DAQ is 
simulated using the simulation component (sensor). This is because 
there are 6 inputs and it is more appropriate to use a simulation 
component (sensor) rather than the DAQ and a function generator.  
If the function generator and DAQ are to be used, the voltage must 
be divided and in parallel to get the right input voltage. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
 
Figure 9  (a) and (b) Substitution from DAQ assistant to simulation 
component 
 
 
  Figure 10 presents the block diagram for the Read File. The 
Read From Measurement File is used to call back the previous data 
that have been saved and displayed in the form of a graphical and 
numeric display.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10  Block diagram for read file 
 
 
3.0  RESULTS AND DISCUSSION 
 
The data in Figure 11 is tabulated every second and saved every 
minute. The files are saved in a TDMS file and can only be called 
back using read file programming by LabVIEW. The program is 
set to have a time interval of 100 ms or 0.1 s. All the sensors 
(Sensors 1 to 6) are set to run the program. Figure 12 shows the 
“select signal” front panel, which can be selected as preferred by 
the user.  The data is visualized using a waveform chart in terms of 
voltage (kV/cm) and time (s) in two different charts; all signals and 
select signal chart.  The “all signals” waveform chart displays all 
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the waveforms obtained, while the “select signal” waveform chart 
only displays the preferred signals.   
  Figure 13 shows the histogram of the data. The histogram 
obtained from the simulation shows the information where the x-
axis represents the measurement scale of results for the ambient 
electric field strength and the y-axis describes the frequency of the 
electric field strength, showing how often the results occur. After 
all the data are saved, the data will be recalled using the Read File 
program, as shown in Figure 14, and can be displayed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11  Data tabulated 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12  Front panel of the waveform chart and “select signal” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13  Histogram of the data 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14  Read file as data logger 
Several problems were encountered throughout the research. The 
main problem was caused by the inaccuracy of the data resulting 
from faulty equipment.  During the experimental work, the pin 
from the DAQ, which was not secured tightly, could give a very 
bad connection and affect the results obtained. In addition, the 
over-sensitive DAQ system also influences the accuracy of results 
such as the detection of the electromagnetic field present in the 
surroundings. This was proven by the noise formation in the 
waveform, where the wave did not start at zero point. The data 
logger system will only show an accurate result when the waveform 
is started according to the user’s preferred set point. When the 
experiment was conducted, 3 kV/cm was used to simulate the 
condition when lightning occurs. When lightning occurs at 
approximately 3 kV/cm, the electric field strength is said to be very 
high at that point and it becomes heavy. For this research, the data-
reading format used is in a TDMS file and can only be opened using 
LabVIEW programming.  Another front panel and block diagram 
were purposely created to easily read the previously obtained data. 
The front panel shows a waveform chart according to the data that 
has been saved every minute. 
 
 
4.0  CONCLUSION 
 
The data logger system is used to manage the data obtained by the 
electronic components and the equipment used in the experiments. 
With the data being recorded carefully, the job of analysing and 
storing information on the magnitude of atmospheric electric field 
strength will be much easier and more accurate. The LabVIEW 
program that has been developed will give a notification in the form 
of a waveform chart to show the condition of the atmospheric 
electric field strength. 
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